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1.
Introduction Does job training really contribute to improvements in productivity? Why do even veteran workers keep receiving job training? Is job training useful for accomplishing multiple tasks in response to unexpected shocks? Using original survey data from the manufacturing establishments of two Japanese automobile firms, the purpose of this paper is threefold. First, we investigate the continuous provision of job training, including for veteran assemblers when each task in the assembly line is simple and easily learnt. If this is the case, why is continuous job training necessary? Second, we estimate the determinants of the extent and intensity of firm-level training such as onthe-job training (OJT). Finally, we consider the impact of OJT and workplace environments and practices on an individual assembler's productivity. It is, of course, imperative to measure the costs and benefits of OJT from the viewpoint of the firm's human resources management strategy, to establish whether and by how much individual productivity improves through the provision of job training. We estimate the effect of job training on productivity changes at the individual level using original data from selected establishments of two Japanese automobile makers.
The main contribution of this paper is the analysis of original survey data collected from assemblers and foremen in representative Japanese automobile makers on their subjective assessment of productivity improvements. These data allow us to provide a direct link between the intensity of OJT and productivity improvements. Because it is difficult to measure objectively the extent and intensity of OJT and productivity improvements, we use subjectively assessed measures for those variables, even though some measurement error may be involved. To support its appropriateness as a measure of productivity improvement, we alternatively employ the change in the number of operational tasks that assemblers can perform satisfactorily as evaluated by their foreman. According to the factory director interviewed, assemblers usually assessed their own productivity improvements when responding to the survey questionnaire in terms of an increase in the number of operational tasks they could perform. However, the data on operational tasks were available only from a single automaker in the third wave of the survey. Nevertheless, while the original data have some disadvantages, they also have several redeeming qualities. For instance, many economists and business academics have long been suspicious that older workers with long tenure in Japanese automakers remain engaged in job training, despite the fact that the operations they usually perform are simple and do not take a long time to learn. 1 Using our original data, we are able to look inside the black box that until now concealed the effect of OJT on productivity.
Another distinguishing feature of this study is that it explores how both the characteristics of teams and individuals (including the workplace environment and workplace practices) affect the determinants of job training and the extent of productivity improvements (if any). Changes in the workload and assembly line speed responded to by foremen are included in the characteristics of teams, and these capture the extent and intensity of any demand shocks. In addition, the proposed Kaizen drafts for job efficiency improvements and the number of quality control (QC) meetings are also studied, and these capture the extent and intensity of any supply shocks. 2 We predict that frequent demand and supply shocks lead to assignment changes for assemblers through rotation within their own team and/or relocation across teams. This provides the ongoing demand for job training for assemblers, even veteran assemblers, so they can adjust to the environmental changes. Importantly, while the literature includes the effects of individual characteristics on the intensity of job training, our study also focuses on the interaction between individual and team characteristics.
There is some evidence suggesting that job training is highly selective, at least in OECD countries other than Japan where no systematic study yet exists. Using Thai data, Ariga and Brunello (2006) found that while off-the-training (OffJT) and education were complements, OJT and education were substitutes. In general, training is most intensive in the early stages of an assembler's career and experience. Some studies found very high returns to job training, but these were likely to suffer from selection bias. In fact, and as pointed out by Leuven and Oosterbeek (2005) , past studies have relied on data collected from highly heterogeneous workplaces that they likely fail to control. Using original data from the manufacturing establishments of two Japanese automobile makers, we investigate the types of job training provided in the various career stages. Further, as our unique survey includes assemblers within the same establishment, we do not potentially suffer from the selection bias found elsewhere.
The paper is organized as follows. The next section discusses how an automobile establishment adjusts to demand and supply shocks, why organization adjustments are necessary, and why organization adjustments frequently occur in the Japanese manufacturing sector. Section 3 explains the data, followed by descriptive statistics for job training and subjectively and objectively assessed productivity in Section 4. Section 5 discusses the econometric methodology and Section 6 includes the results. Section 7 shows a simple simulation to discuss the cost and benefit of internal labor adjustments. The final section provides some concluding remarks and future research directions.
2.
Organization Adjustments in Response to Demand and Supply Shocks Why is job training continuously provided, even for veteran assemblers, despite tasks in the assembly line being simple and easy to learn? This subsection explains the linkages between unexpected productivity shocks, the provision of job training, and productivity improvements. Figure 1 depicts these linkages.
We predict that shocks from the demand or supply side induce organization adjustments in assembly lines, thereby increasing the demand for training. We here focus attention on two types of organization adjustments: rotation within the same team and relocation across teams. Rotation within the same team is defined as a transfer between production operations in the same team; on the other hand, relocation is defined as a broader transfer between teams but within the same establishment. Hildreth and Ohtake (1998) also deal with labor demand adjustment through organization adjustments, using the establishment-level data from an automobile maker. They find that this automobile maker uses two methods to adjust labor demand; the first method is a long-term transfer indicating relocation of assemblers across establishments; the second method is a short-term transfer between assembly lines and between production and nonproduction sectors as well as between establishments. The short-term transfer allows the automobile maker to cope with demand fluctuation, showing that it can adjust employment quickly and flexibly, contrary to the common belief that labor demand adjustment is slower in Japan than in Western countries. As this paper emphasizes within-establishment relocation, it is close to the short-term transfer model in Hildreth and Ohtake (1998) .
Why is it worthwhile to undertake organization adjustments? There are three reasons to support them. The first is that assemblers rotate within the same teams or are relocated to a different team to cope with demand shocks, including the business cycle, seasonal adjustments and establishment-level shocks. Demand shocks occur regularly for a host of different reasons. Organization adjustments occur more or less continuously, as one model is experiencing growing demand, whereas others' market share is declining. 4 Fads concerning choice of color are also evident in Japan. There was a time when every new car was white, and then black was the most popular color, then light blue, shiny pink, and so on. More (fewer) assemblers are located in the assembly line to cope with the increased (decreased) workload. Flexible organization adjustments reduce the number of redundant assemblers and the surplus of human resource, thereby raising production efficiency.
The second reason is that assemblers are relocated to a new team and receive job training beforehand, so they can perform multiple tasks whenever exogenous shocks occur in the future. Alternatively, to cope with future shocks, a foreman ex ante provides his own assemblers with job training to perform multiple tasks through rotation within their own team. The third reason is that the proposed Kaizen drafts encourage the reorganization of operational procedures through rotation within a team and the relocation of assemblers across teams, which leads to increases in team productivity and production efficiency. The proposed Kaizen drafts are the ones capturing the supply shock.
According to Monden (1997) , 5 at Toyota Motor Co.'s Tsutsumi factory, not only assemblers but also foremen, supervisors and managers rotate within and across teams. After they became multiskilled, job rotations among all assembly line processes occurred every 2-4 hours. The main purpose of job rotation is to prepare for flexible personnel arrangement in response to exogenous shocks. Monden (1997) suggests some additional merits of job rotation, such as that it prevents assemblers from becoming bored, and that by assigning different tasks, foremen can assign assemblers across operations fairly. Thus veteran assemblers are encouraged to hand down various skills to young assemblers, and assemblers can see the whole picture of the operation process and feel responsible for their own team's goals, while newly assigned assemblers can address problems in a new operation and propose a draft Kaizen for improvements. 4 For example, buyers began to receive tax credits for buying hybrid cars or eco-friendly cars in April 2009 in Japan. Since then the demand for those cars (the Toyota Prius in particular) has been rapidly growing. 5 See Chapter 11. Channels 1 and 2 in Figure 1 represent this process.
Monden (1997) also discusses why multiskills are cultivated in Japan, but not in the US. He points out that in US automakers, jobs are excessively classified and that the wage system is determined in each job, which encourages assemblers to specialize in a single operation and does not give assemblers an incentive to learn a range of skills. He finds that because of a lack of OJT, blue-collar assemblers do not have an opportunity to obtain a range of skills.
We should be aware of the cost incurred by undertaking organization adjustments. According to Hildreth and Ohtake (1998) , such adjustments incur direct and indirect costs. The direct cost is the transaction cost involved in transfers. There are two types of the indirect cost. The first is the efficiency loss of having an incoming assembler assigned to a different operation process; the other is the loss of the gain that the assembler would have produced in the former operation without his/her transfer.
What the firm can do to minimize possible loss of efficiency is to provide job training to assemblers assigned to new operations, thereby minimizing the initial indirect cost or lowering the efficiency loss. Assemblers relocated to a new team in response to a demand or supply shock are required to perform new tasks, and this encourages those assemblers, even veterans, to receive job training to acquire new skills. Channel 3 in Figure 1 represents this process. In a similar manner, the need for job training arises when an assembler rotates to work on new operations within their own team.
Assemblers provided with job training acquire new skills and should then assess their improvements in productivity. Channel 4 in Figure 1 represents this process. However, even though relocated assemblers provided with job training acquire new skills, because they no longer employ the skills used in the previous team, they may subjectively assess a low productivity gain.
3.
Characterization of the Survey We conducted unique surveys of the manufacturing establishments of two different Japanese automobile makers, referred to as Firm A and Firm B to preserve anonymity. The two firms are typical of other automobile makers listed on the First Section of the Tokyo Stock Exchange. The two firms have establishments in Japan and abroad. Each establishment is an independent production unit, producing several different products under the "just-in-time" production system. We completed three waves of the survey for both Firm A and B, so that we have two sets of panels for assemblers and foremen. The distinguishing feature of the surveys is that they cover both assemblers who worked in the assembly line and their foremen, and that both assemblers and foremen subjectively assessed the extent of productivity improvements at the individual level.
6 This allows us to estimate directly the impact of various types of job training on productivity improvements at the individual level.
We conducted the first wave of the survey of manufacturing establishments for Firm A in September 2006, with the second and third waves carried out in May 2007 and May 2008, respectively. We collected valid responses from 22 foremen and 100 assemblers in the first wave, 23 foremen and 95 assemblers in the second wave, and 17 foremen and 101 assemblers in the final wave. During this time, the entire auto industry was operating at peak capacity, with Firm A especially in constant need of temporary workers. The firm was chronically short of labor, hiring so many temporary workers that regular full-time workers needed to devote much of their time to teaching these irregular workers, and so lacked any spare time to train themselves. It therefore appears conceivable that the sample period is somewhat unusual in terms of the heavy workloads and the large share of untrained irregular workers. It should also be of some relevance that the sample establishment in the Firm A survey has plans in the near future to undergo a very fundamental and thorough redesign and retooling of its production line. This may also have had some impact on work allocation, as well as the assignments of regular assemblers and foremen. The survey targeted only full-time employees.
In a similar manner, we conducted consecutive yearly surveys of the manufacturing establishment of Firm B in October 2007 , October 2008 , and October 2009 . The first wave collected valid responses from 27 foremen and 140 assemblers belonging to one of the assembly teams under the supervision of foremen in the manufacturing establishment. The second wave collected information from 26 foremen and 139 assemblers working in the same establishment. For the third and the last, we collected data from 24 foremen and 127 assemblers.
The assembler's questionnaire consisted of 20 questions classified into four categories.
7 These are: (1) the extent of individual-level training intensity (OJT, OffJT, and self-development); (2) the extent of productivity improvements, the acquisition of skills, and the number of fully fledged operational processes that one can perform; (3) the number of proposed Kaizen drafts for job efficiency improvement; and (4) evaluation of one's own foreman, workplace environment, and practices. Meanwhile, the questionnaire for foremen consisted of nine questions on the workplace environment and practices in their assembly team, the number of quality control (QC) meetings, and the productivity improvements in their own team.
It is technically difficult to measure productivity improvement per assembler, so we asked for its subjective measurement over the past year. 8 The survey asked the sample assemblers the following question: "Assuming that your current work proficiency is 100 and that your productivity immediately after you joined the firm and were assigned to a workplace was zero, what do you think your proficiency level was six months and one year ago?" In response, assemblers were required to choose from the following five categories: (1) 100-95, (2) 95-90, (3) 90-85, (4) 85-80, and (5) less than 80. 9 We used this as a proxy measure of the individual productivity improvement. 10 7 The questionnaires for both an assembler and a foreman are atahced in Appendix. 8 Krueger and Rouse (1998) also use subjective data to measure the extent and intensity of individual productivity and then estimate the effects of corporate training consisting of basic skills development, including reading, writing, and mathematics. 9 This survey rules out the possibility that an assembler perceives that productivity has deteriorated during the past year. We justify this on the basis that human capital accumulates year by year through job training and barely depreciates in the short run. 10 The sampled foremen were also questioned about the improvement in productivity in their own team in a subjective way as follows: "If the productivity of your workplace 12 months ago was 100, what do you think the productivity levels were 6 months ago and today?" In response, the foremen were to fill in any number, implying productivity improvements if the number exceeded 100, otherwise a productivity To complement the subjective measure of individual productivity, we alternatively used the extent of how many operational tasks an assembler had newly acquired over the past year. We consider assemblers who can acquire additional operational tasks as those accomplishing productivity improvements at the individual level.
11 Because it is not difficult for assemblers to count the number of operational tasks they can perform satisfactorily, we regard this variable as an objective measure with little measurement error. Unfortunately, we could obtain the data on operational tasks only from the third wave of the survey from Firm B. The factory director of Firm B told us that assemblers measured their own productivity improvement based on the increase in the number of operational tasks approved by their own foreman. A table of accomplished operational tasks was prepared for all assemblers and posted on the bulletin board, so everyone understood who had acquired new tasks and how many. We presume from the factory director's evidence that the subjective assessment of productivity improvement is assessed from this objective measure of the operational tasks.
We collected data on the extent of various types of job training, including OJT, OffJT and self-development. Due to limited space, however, we restrict ourselves to the extent and intensity of OJT and its effect on improvements in productivity at the individual level. Measuring the intensity of individual-level OJT is subjective and selfexplanatory in this study, while tenure or years of service has hitherto been a proxy indicating the extent of training, on the assumption that assemblers in the workplace are provided with training. 12 We asked assemblers several questions concerning OJT intensity. 13 The OJT dummy took a value of one if an assembler responded with nonzero hours for OJT in the previous month or if the assembler responded that there was less OJT than usual, even if the category including zero OJT hours in the previous month was chosen; otherwise zero. We capture the provision of OJT in the broad sense that assemblers spent time in OJT over the past year, even though they did not receive any in the previous month. We calculate the hours spent in OJT by multiplying the hours of OJT in the past month by 12. We then divide by 2.5, 1.5, 1, 0.5, or 0.33 if the assembler responded that the hours of OJT in the previous month were more than double, one and a half times, the same amount, about half, or less than half the average, res te the impact of workplace environment and practices on pectively. However, we need to remind ourselves that these methods cannot accurately measure the extent and intensity of OJT. Because it is difficult for assemblers to identify correctly those job activities considered to be OJT, it is less likely that assemblers are able to measure the frequency and length of OJT accurately, and this leads to measurement error. We also gathered data on demographic and individual characteristics, including age, tenure, education, and duty position. We merge the surveys for foremen and assemblers to estima an individual employee's productivity, we preclude the ferent from an operational process in that one operational process tent of intensity of training from ch; and whether they participated in OJT voluntarily or under decline. Because we focus on the impact on analysis of team productivity in this research. 11 Note that an operational task is dif comprises multiple operational tasks. 12 In a similar manner, Kurosawa (2001) collected explicit data on the ex 44 establishments in Kitakyushu City, Fukuoka between 1993 and 1994. 13 We asked: how many hours of OJT did you receive in the last month; who provided the OJT (either colleagues or foremen) and how mu instructions from their own foreman.
individual productivity. 
Data Analysis rganization Adjustments (Channels 1 and 2)
We begin with Channels 1 and 2 as depicted in Figure 1 . Figure 2 shows the relationship between the number of assemblers within a team and the assembly line speed, as evaluated by the sampled foremen. Assembly line speed is considered as one of the proxies capturing the extent of the demand shock. This analysis also includes data from both Firm A and B. As shown, the number of assemblers increases in a team when the speed of the assembly line also increases, while the number of assemblers decreases in a team with a low assembly line speed. Assemblers were then relocated from the slack team to the busy team to meet the increasing product demands. This implies that assemblers are located across teams efficiently and flexibly in response to frequently arriving shocks. In a similar manner, Figure 3 shows the relationship between the number of assemblers within a team and the workload of the team as evaluated by the sampled foremen. The workload is one indication of the extent of the demand shock. As shown, the number of assemblers increases in a team where the workload increases, but is cut in a team where the workload decreases. This strengthens the view that assemblers are tra and changes. We now explore exactly who is relocated across teams through organization adjustments in response to these demand and supply shocks, using the data of individual assemblers. We predict that assemblers relocated to a different team are more likely to receive job training because they must now perform different tasks. Figures 4-6 show differences in the average age, tenure within the firm, and skill level accredited by their own company for assemblers relocated to different teams and those who are not. According to Figure 4 , the average age is higher for relocated assemblers, particularly in 2007 and 2009. One possible interpretation is that older and veteran assemblers who can adjust to the environmental changes more quickly than younger assemblers are relocated to completely different teams where their current skills are useless and therefore, they still need to acquire new skills o
raining (Channel 3)
We now focus attention on whether the arrival of demand and supply shocks encourages assemblers to receive job training, as depicted in Channel 3 in Figure 1 . Figure 7 indicates the extent of job training and its average hours using the rate of change in operational processes within the same team on the horizontal axis; this generally shows that the higher the rate of change in operational processes within the team, whether an increase or a decrease, the more likely assemblers are to receive OJT. This implies that assemblers were required to receive OJT, to respond to the reorganization of their own assembly line caused by the arrival of a demand shock. However, the null hypothesis that the OJT incidence does not vary by the rate of change in operational processes is not significantly rejected. We obtain a roughly similar result when we consider the association between the average hours of job training and the change in operational processes; that is, the higher the rate of change in operational processes within the team, the longer assemblers spend in OJT. However, again, the null hypothesis that the average OJT hours do not differ by the rate of change in operational processes is not significantly rejected. The extent and intensity of OJT and the rate of cha cated within six months spend ore hours on OJT than those relocated within one year.
c. P
sider the increase in work proficiency as a proxy for productivity imp e accomplishing low improvements in pro nge in operational processes are apparently but not significantly associated. We explored here whether and when assemblers relocated to a different team receive job training. Figure 8 displays the extent and intensity of OJT, depending on the timing of the relocation across teams. We find that assemblers relocated more recently to a different team are more likely to receive OJT. This is perhaps because newcomers needed to receive job training to accommodate new tasks in the assembly line. However, the difference in the timing of job training less than six months and within one year is minimal. A similar phenomenon is evident in the relationship between average training hours and the timing of relocation. Here, assemblers relo m roductivity Improvements (Channel 4) This subsection provides descriptive statistics of the improvement in productivity as measured by subjective assessment. Recall that the survey requested the sampled assemblers to respond on their work proficiency of a year ago from the following five categories: (1) 100-95, (2) 95-90, (3) 90-85, (4) 85-80, and (5) less than 80, assuming that the current work proficiency is 100. We then calculate the class values of work proficiency according to a lognormal distribution function. Table 1 provides these class values. We con rovements. We now explore the relationship between the improvement in individual productivity and job training. Figure 9 displays the proportion of assemblers receiving OJT and its average hours by category of productivity improvement. The horizontal axis represents the categories of work proficiency of a year ago, assuming that the current work proficiency is 100, and therefore implies that productivity improves as we move further away from the origin on the horizontal axis. We combine data from both firms in Figure 9 . As shown, assemblers who stayed in the lower category of work proficiency a year ago are more likely to receive OJT. The null hypothesis that the OJT incidence does not vary by the category of work proficiency is rejected with the level of significance. However, over 80% of assemblers receive OJT, regardless of the extent of work proficiency. This is consistent with the practice of continuous training for any productivity level. According to the relationship between productivity improvements and hours spent in OJT, assemblers spend on average at least 100 hours per year in OJT. Assemblers who perceive lower improvements in productivity (a 90-95 work proficiency level a year ago) spend the longest hours in OJT. This could also be a form of reverse causality in the sense that thos ductivity put more effort into job training. We have so far not considered the direction of causality between training and productivity; that is, either high-productivity assemblers are less likely to receive job training or those who receive job training succeed in improving their productivity. To control for this reverse causality, Figure 10 shows the extent of subjectively assessed productivity improvement by participation in OJT over the past year, using data from both firms. We compute the class values of current work proficiency, assuming that the work proficiency of a year ago is 100, and they are displayed in the left vertical axis. The horizontal axis is then a one-year lagged indicator of whether to participate in job training as of a year ago. This should take account of the reverse causality problem. As shown, assemblers who received OJT perceived higher productivity improvements than ose who did not. This implies that OJT is effective in raising productivity.
d. O ted on d with productivity imp th perational Tasks (Channel 4)
To complement the subjective assessment of productivity improvement at an individual level, we alternatively employ how many more operational tasks an assembler newly acquired over the past year. This is because we consider additional operational tasks as productivity improvements at the individual level. This variable can also be objective with little measurement error because both assemblers and their foreman can correctly number the operational tasks they can sufficiently perform. Unfortunately, the data on operational tasks are available only from the third wave of the survey from Firm B. Whether an operational task is accomplished or not is determined by one's own foreman. A table of accomplished operational tasks is pos the bulletin board, so everyone knows who acquires how many operational tasks. Table 2 provides the correlations between the subjectively assessed productivity improvement and an increase in the number of operational tasks using the data from the third wave of Firm B. As shown, assemblers acquiring more (fewer) operational tasks respond with higher (lower) productivity improvements. This implies that the subjective and objective measures of productivity improvement are strongly correlated. This is consistent with the evidence provided by the factory director of Firm B, who stated in the interview that assemblers measured their own productivity improvement based on the increase in the number of operational tasks posted on the bulletin board when completing the questionnaire. We are concerned about the relationship between productivity improvements, as measured by an increase in the number of operational tasks, and the extent and intensity of OJT. According to Figure 11 , we obtain a positive relationship between the increase in operational tasks and the proportion of those receiving OJT. Looking at the relationship between the increase in operational tasks and job training hours, assemblers who acquire more operational tasks spend more hours on OJT at a moderate level of increase in operational tasks (about 101-150). The extent and intensity of OJT are positively but weakly correlate rovements with respect to the measure of operational tasks.
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We again take into consideration the direction of causality. Figure 10 shows the productivity improvement as measured by the increase in the number of operational tasks and participation in job training in the previous year. The right vertical axis represents the number of operational tasks that one can perform currently, assuming that its number of a year ago is normalized at 100. The horizontal axis is a one-year lagged indicator of whether to participate in job training as of a year ago to take account of the reverse causality problem. Assemblers who receive OJT experience the accomplishment of more operational tasks than those who do not, although the null hypothesis that there is no difference of an increase in the number of operational tasks is not significantly rejected. This partially implies that OJT is effective in improving productivity as easured by the number of operational tasks at the individual level.
5.
team as a dependent variable ind le, thereby encouraging them to participate in and spend more hou m
Estimations
We pool the data for each firm for estimation purposes. The appendix section shows a list of variables, their definitions and descriptive statistics. We first attempt to estimate the relationship between the productivity shock and organization adjustments, including rotation within the same team and relocation across teams, using the team-average data. Here, we employ the extent of assembly line speed (speed) and the workload (workload) as variables capturing the demand shocks. Kaizen drafts suggested from inside and outside the same team (kaizen_in and kaizen_out) and change in the way of conducting QC meetings within the same team (d_change_qc) are used as variables capturing supply shocks. These variables are drawn from the responses in the foremen' questionnaire. The dependent variable of rotation is a categorized variable indicating that foremen responded that the opportunities for rotation for their own assemblers within the team increased, remained the same, or decreased (rotation) over the year. We specify the team-average years assigned in the current icating the extent of relocation across teams (exp_gr). We next use a probit model for estimating the propensity that an individual assembler receives training while a Tobit model yields the equation for hours of training. The dependent variable is the propensity to receive job training in the probit model (ojt) and the censored variable of hours spent in job training in the Tobit model (ojt12). Explanatory variables indicate individual characteristics and workplace environments and practices. The individual characteristics include education (d_hs), tenure within the firm (tenure), tenure within the current team (exp), and skill level (skill). The workplace environments and practice include the number of operational processes in the same team (allp), its change over the year (allpdiff), whether there is an increase in opportunities for rotation for assemblers within the same team (rotation2), a change in the way of conducting QC meetings within the same team (d_change_qc), and the extent of OJT for other assemblers within the same team and for all other teams (ojt_within, ojt12_within, ojt_all, and ojt12_all) .
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For these characteristics, we collected subjectively assessed data from assemblers and foremen. The primary focus is the effects of rotation and relocation (as measured by tenure within the current team) on the provision of job training. Another hypothesis is that the frequent meetings and opportunities for individual development through QC meetings and Kaizen proposals raise assembler mora rs in job training. It might be true that rotation within the same team should be treated as endogenous because whether or not to rotate is an option determined by the foreman. To control for the potential endogeneity of rotation within the same team, we employ two approaches for the two-stage estimation. The first is a standard probit model with instruments; that is, the first stage consists of an OLS estimation of the choice of rotation to derive the predicted value, and it is then used as an instrument variable in the probit estimation of OJT incidence and the OLS estimation of OJT duration. As the second approach, we employ the recursive maximum likelihood method. The first stage uses a probit estimation of the choice of rotation, and then the predicted value is included as an ins vity improvements are positively associated with the xtent and intensity of training. Our attention now turns to the estimation of the effect of training on the improvement in productivity at the individual level. The propensity for productivity improvement is determined by vectors of explanatory variables reflecting individual characteristics, the workplace environment and practices, and either a continuous variable for training hours (ojt12) or a dummy variable taking a value of one if assemblers received training (ojt). The dependent variable represents the likelihood of productivity improvement with respect to either subjective or objective measurement (rr and oaskl_gr). Our principal focus is the estimated coefficient of the training variable. Our hypothesis is that producti e
Results elocation across Teams and Rotation within the Same Team
We begin by estimating the determinants of relocation across teams and rotation within the same team. We hypothesize that organization adjustments, such as relocation and rotation, are caused by exogenous shocks from both the demand and supply side ich thereby demand that assemblers receive job training to acquire different skills. Table 3 provides the results of the ordered probit model estimating the determinants of rotation within the same team where the dependent variable is categorized as -1 for a decrease in rotation opportunities, 0 for unchanged and 1 for an increase in rotation opportunities (rotation) over the past year. The assembly line speed (speed) has a positive effect on the extent of rotation within the same team at the 1% level of significance in columns (1) and (3), while the workload (workload) is statistically insignificant for rotation. It would then appear that to cope with demand shocks, foremen rotate assemblers across different operations. The variables capturing supply shocks are statistically insignificant for rotation in column (2). Foremen rotate their own assemblers across various o izen drafts are proposed. Table 4 displays the results of the OLS models used to estimate the determinants of relocation across teams over the past year. Note that F-values are not large enough to pass an F test. When the average tenure within the current team is employed as the dependent variable (exp_gr), the workload has a negative effect at the 5% level of significance although the assembly line speed remains insignificant. Here, as a foreman has a greater burden of workload in his own team, he demands the firm to increase the number of assemblers in his own team, and this reduces average tenure within the current team. The variables capturing supply shocks remain statistically insignificant. It thus appears that demand shocks induce organization adjustments, including o Tables 5 and 6 display the estimated results of the probit and Tobit models for the determinants of OJT incidence and the hours spent in OJT. We pooled data from both firms and estimated each model. When we look closely at the factors that individually and significantly affect the determinants of job training and its duration, there are certain characterizations of the workplace and the team that affect OJT incidence and its dur semblers receive OJT after rotation wh to those of column (5), which ensures tha omparable with column (5), alth e within the firm are atistically insignificant for both OJT incidence and its duration. 17 ation for both automobile makers. It is worth noting from column (5) in Table 5 that when the extent of rotation within the same team (rotation2) is treated as exogenous, it has a positive effect on OJT incidence at the 5% level of significance. This result supports the hypothesis that assemblers are encouraged to receive OJT and acquire new skills to perform different tasks assigned from transfers through rotation. As discussed, because organization adjustments such as rotation within the same team are efficiently and flexibly undertaken in response to demand shocks, as enever shocks occur or are expected to occur. Columns (6) and (7) take into account the interrelation between the OJT incidence and the rotation decision, which thus gives unbiased estimates of the effect of rotation within the same team on OJT participation. Columns (6) and (7) display results of a standard probit model with instruments and a recursive maximum likelihood method, respectively. Similar to column (5), rotation within the same team (rotation2) remains positively significant at the 1% level in column (6) and at the 5% level in column (7). On the other hand, tenure within the current team (exp) is insignificant in column (6), but negative at the 10% level of significance in column (7). After controlling for the endogeneity of rotation, the results remain similar t treating rotation as exogenous is acceptable. According to Table 6 , tenure within the current team (exp) has a negative effect on the average hours of OJT at the 5% level in columns (4) and (5), while rotation within a team (rotation2) is statistically insignificant for the OJT duration when rotation within a team is treated as exogenous. This indicates that assemblers are relocated to a different team in which the skills they have obtained are useless and they then spend more time learning new skills through OJT. After controlling for the endogeneity of rotation, the significance remains unchanged in columns (6) and (7), c ough the magnitudes of some coefficients are different. Looking at Table 6 , the number of operational processes in a team (allp) is negative for OJT hours at the 1% level of significance. This implies that assemblers either cannot afford to spend time on OJT in a busy team in which there are many operational processes or, because they operate only a few simple tasks in one operation process if operational tasks are segmented into many operation processes, they do not need to spend time on OJT. Columns (5)-(7) in both tables indicate that the average OJT incidence and duration of any other assembler across all teams (ojt_all and ojt12_all) are significantly negative for an assembler's own OJT incidence and its duration. This implies that one assembler receives OJT when other assemblers do not. It would then appear that OJT is substitutable between assemblers; that is, one receives OJT while another cannot. In contrast with our prediction, skill level and tenur st c. D
eterminants of Job Training

ependent variable rep ) is statistically ins gestion meetings has a sig oes Job Training Improve Productivity?
This subsection reports the effect of job training on the improvements in subjective and objective productivity. We estimate OLS models where the d resents the extent of productivity improvement over the past year. We begin with explaining the estimated results shown in Tables 7 and 8 . The incidence of job training is included in the explanatory variable vector in the former while the duration of job training is included in the latter. Of first and foremost interest among the dependent variables are the dummies indicating the incidence of job training and the continuous variables for hours of job training. As shown in Table 7 , the incidence of OJT (ojt) has a positive effect on improvement in productivity at the 1% level of significance. As one would expect, this supports the hypothesis that OJT contributes to making an individual assembler more productive from a subjective viewpoint. This result is partially comparable with those obtained in Kurosawa (2001) and Ariga, Kurosawa and Ohtake (2006) ; in the former, the effect on wages does not clearly differ by the form of training, 18 and in the latter OJT participation has an insignificant effect on establishment-level productivity. 19 Our concern now is the effects of OJT duration. In contrast with our prediction, OJT duration (ojt12 ignificant for the improvement in productivity according to Table 8 . Some other factors affect the improvements in productivity. Tenure within the current team (exp) has a significant negative effect on individual productivity improvement at the 1% level of significance in columns (4)-(6) in both Tables 7 and 8 . Tenure within the current team, which proxies the extent of relocation across teams, contributes negatively to the improvement in productivity directly and indirectly through the channel of the demand for job training. The implication of the direct effect is that assemblers realize that productivity increases less proportionally with tenure within the current team, and this is consistent with the general property of diminishing marginal returns. This finding suggests that specialization in certain tasks in the same team discourages an assembler from perceiving an improvement in productivity. The indirect effect is that assemblers who stay long in the current team do not need to receive OJT to learn new skills, which does not raise their productivity. The improvement in productivity assessed from a subjective viewpoint in the previous year (rr_past) has a positive effect on that subjectively assessed in the current year at the 1% level of significance, as shown in both Tables 7 and 8. This result implies that assemblers who assess higher improvements in productivity in the past year tend to assess higher improvements this year. A change in the way of conducting QC meetings over the past year (d_change_qc) is statistically insignificant, which is comparable with Ariga, Kurosawa and Ohtake (2006) where participation in sug nificantly positive effect on establishment-level productivity.
Here we examine the effect of job training at an individual level on improvements in productivity from an objective viewpoint using the data on the operational tasks that assemblers can sufficiently perform. Recall that the data are only available from the third wave of the survey from Firm B. Because the sample size is small, the standard error may be large, thereby reducing the significance of the variables. Before estimating the effect of job training on productivity improvement as measured by the increase in 18 The exception is that the effect of formal training on wages was significantly negative for assemblers over 45 years of age. 19 However, the effect of OffJT participation is significantly positive on establishment-level productivity. the number of operational tasks, we examine the relationship between the productivity improvements from the subjective and objective viewpoints. According to Table 9 , an increase in operational tasks is positively correlated with a subjectively assessed improvement in productivity at the 1% level of significance. Therefore, the increase in operational tasks can be considered an objective variable representing the improvement in p t explain much of the var hree waves for Firms A and B are different from those from the st wave for Firm B.
7.
labor market and then compare it with the adj hired assembler than for an roductivity from a subjective viewpoint. Tables 10 and 11 display the OLS estimates where the dependent variable is continuous, indicating the change in the number of operational tasks that assemblers can sufficiently perform (oaskl_gr). First, we cannot significantly reject the joint hypothesis that the coefficients on all explanatory variables are zero according to the F test. Our estimations thus do not explain much of the variation. Despite this, we report estimated results. The incidence of OJT (ojt) is statistically insignificant for an increased rate of operational tasks. The incidence of OJT is significantly positive for the subjectively assessed improvement in productivity, as shown in Table 7 , but insignificant in the model where the increase in operational tasks is the dependent variable. One possible reason is that, as discussed earlier, the small sample size may increase the standard error of the coefficient and therefore reduce the significance. Because the estimates cover the three waves of the survey from both Firms A and B in Table 7 while the estimates in Table 10 include only the third wave of the survey from Firm B, we cannot directly compare the estimated results. The OJT hours (ojt12) are marginally and significantly positive in column (1) in Table 11 , but the significance reduces when including other explanatory variables. Accordingly, these estimations do no iation in Tables 10 and 11 because of the small sample size. Although the subjectively assessed improvement in productivity and the increase in operational tasks are statistically correlated, we have different results for the effect of OJT incidence depending on the measure of productivity improvement used as the dependent variable. One possible interpretation is that the individual and workplace characteristics in the t la
Cost Effects of Organization Adjustments
This section briefly discusses a comparison of labor adjustment costs by internal transfer (organization adjustment) with hiring/firing from the external labor market. Table 12 shows that 32.68% and 19.86% of assemblers are on average relocated to a different team over one year in Firms A and B, respectively. We calculate the cost that the firm would have incurred if the same percentages of assemblers had been replaced by hiring or firing from the external ustment cost of the internal transfer. Table 12 shows the cost adjusted through the external labor market, normalizing the training cost for an internal assembler to be one, regardless of whether or not to be relocated. The assembler size is normalized at one for simplicity. We consider cases in which the individual cost for job training is higher for a newly incoming internal assembler by 10%, 25%, 50% and 100%.
In the case of 10%, Firm A would have increased its total training cost by 3.3% if 32.68% of assemblers were obtained from the external labor market. In a similar manner with 25%, 50% and 100%, Firm A has the greater burden of training costs by 8.2%, 16.3% and 32.7%, respectively. Firm B would also have incurred a larger burden of training costs by hiring assemblers from the external labor market. This exercise implies that when labor adjustment frequently and largely occurs in response to demand shocks, labor adjustment through internal transfer such as relocation is cheaper than bor adjustment by hiring from the external labor market.
8.
ts and practices on subjective and objective individual pro ass of OJT on productivity improvements. Those are our future research irections. 
Concluding Remarks
It is difficult to measure the effect of job training on productivity at the individual level, but there is no doubt that it is very important for constructing and evaluating a job training strategy from the viewpoint of human resource development. We collected unique data on job training and productivity improvements from the establishments of two Japanese automobile makers and evaluated the subjective impact of OJT on individual productivity improvements. We investigated (1) whether OJT is continuously provided to any assembler, even when each task is easy to learn; (2) the determinants of the extent and intensity of firm-level training such as OJT; and (3) the impact of training and workplace environmen ductivity improvements. Our main findings are as follows. (1) OJT is provided to assemblers because they are assigned different operations in which the skills they have thus far obtained become useless through organization adjustment, including both rotation within the same team and relocation to a different team. (2) Organization adjustments are undertaken in response to productivity shocks. (3) Assemblers who receive OJT perceive their gains in productivity from a subjective viewpoint. Another finding is that older and veteran assemblers are more likely to be relocated to a different team because they adapt to change more quickly than do the young, implying that even older and veteran emblers need to receive job training to perform different tasks following relocation. Unfortunately, endogeneity of the choice of OJT complicates our estimation strategy. For instance, when there is a negative productivity shock, firms may opt to increase their investment in OJT as the opportunity cost of these activities has declined. If true, the impact of training hours tends to be underestimated. To correct for this endogeneity problem, we attempted to estimate a model with a set of instrumental variables, but none of the variables was significant. As a result, the estimated model itself lost significance. It is also problematic that the period within which we are measuring the impact of training activities on productivity is too short, so we cannot capture a longterm effect d uchi, Daiji. 2006 . "The Incidence and Effect of Job Training among J The categories represent productivity level of one year ago, assuming that the current productivity level is 100. The third wave of the survey from Firm B was used.
The horizontal categories indicate the number of operational tasks that one could perform one year ago, assuming that the current number is normalized 100. On the other hand, the vertical categories represent productivity level of one year ago, assuming that the current productivity level is 100. (4) (2) Pseudo R2 = 0.118 *** 1%, ** 5%, * 10% significance. The dependent variable is the dummy indicating whether or not to receive OJT (OJT). The dummy variable (rotation2) is treated as exogenous in columns (1)- (5) but as endogenous in columns (6) and (7). In column (6), the first stage is an OLS estimation of rotation, while a probit estimation is employed in the first stage in column (7). Both columns employ a probit estimation for the OJT incidence in the second stage. IV for rotation: d_firma, speed, workload, injury, kaizen_in, kaizen_out, d_change_qc (2) (1)- (5) but as endogenous in columns (6) and (7). In column (6), the first stage is an OLS estimation of rotation, while a probit estimation is employed in the first stage in column (7). Both columns employ an OLS estimation for the OJT duration in the second stage.
IV for rotation: d_firma, speed, workload, injury, kaizen_in, kaizen_out, d_change_qc The size of assemblers is normalized one. The cost of training is assumed to be one for an internal assembler, regardless of whether she/he is relocated from a different team or remains in the current team. Therefore, the total cost of training is normalized to be one for internal labor adjustments. The left vertical axis represents the current productivity level, assuming that productivity level of a year ago is 100, while the right vertical axis indicates the number of operational tasks that one can currently perform, assuming that its number of a year ago is normalized 100. Test for difference=0: The purpose of this questionnaire is to survey how employees in the workplace acquire knowledge and skills required for the job, and to measure the effectiveness of these activities.
We would appreciate your taking the time from your busy schedule to answer the questionnaire with your frank opinions. This questionnaire will be conducted 3 times in the coming 12 months. This is the The details of your answers will be statistically processed, and please be assured that personal information entered in this questionnaire will NOT be disclosed whatsoever.
〔Instructions for completing the questionnaire〕 Please follow the instructions given for each question, such as circle the number that applies.
When you finish completing the questionnaire, please submit it in the attached envelope. Q3． When was the last time a large-scale investment was made in the production line in your workplace?
Around Year Month
Q4．The following are questions on how long it takes to become proficient in the work processes in your workplace.
(1) How many processes do you have in your workplace?
(2) How long does it take for an average high school graduate to become proficient in all process in your workplace?
Years Months
Q5．Please tell us about the QC circle meetings held in your workplace in the past 6 months. What are the frequency and average duration of each meeting?
(1) times a month (2) Average duration per meeting is about hours(s)
Q6．Has there been any changes described below in your workplace in the past 12 months? Check the item that applies.
５．I'm very busy and cannot find enough time to train my subordinates ６．There are many challenges, but I am fortunate to have good people and we work well together
Q9．In the past month, how many Kaizen improvement or creative proposals were submitted? Of these proposals, how many were actually adopted?
Total number of proposals , , of which proposals were adopted ＊This is the end of the questionnaire. Thank you very much for your cooperation.
